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Abstract : Temperature dependent electrical resistivity has been studied in a set of Y,.,CXBa2Cu307VAg composite bulk samples. Partial 
doping of Ca and composite formation with Ag modifies the microstructure and enhances the conductivity of the system. These two aspects, one 
modifying the intragranular and the other modifying the intergranular prop^ies of the YBCO superconductor have a profound influence on SCOPE 
region. In the present work fluctuation induced excess conductivity in presence of magnetic field has been calculated from p  vs T  data in the 
fiamework of Aslamazov and Larkin (AL) and Lawrence and Doniach (LD) theories. In addition to the 3D Gaussian fluctuation on approaching the 
transition temperature from higher side, wc observed a genuine critical regime which is consistent with the predictions of the full dynamic 3D-XY 
universality class with modcl-E dynamics. Still closer to . when magnetic field is applied, evidence is found for a fluctuation regime beyond 3D-
XY which can be interpreted as the occurrence of ultimate first order character of the superconducting transition. In contrast to the 3D XY model, the 
samples showed a reduced critical exponent on application of magnetic field. Wc attribute the reduction of the critical exponent at higher magnetic 
ndd to an enlarged or extended critical region.
Keywords : Excess conductivity, SCOPE piyameter, critical fluctuation,
PACS Nos. ; 74.62.Dh, 74.72.Bk, 74.81 .Bd
1. Introduction
S u p erconducting  a n d  n o rm a l s ta te  p ro p e r t ie s  o f  h ig h  
superconducto rs  (H T S C )  a re  g re a t ly  m o d if ie d  d u e  to  
sam ple in h o m o g e n e i ty  a n d  w e a k  l in k  n e tw o r k s .  In  
YBa;;Cuj0 7 _y (Y B C O )  ty p e  H T S C s , f o r  e x a m p le , th e  
carrier d e n s ity  c a n  b e  e n h a n c e d  e i th e r  b y  in c re a s e  o f  
oxygen c o n te n t in  th e  s a m p le  o r  b y  o n -s i te  su b s titu tio n  
with d o p an ts  o f  lo w e r  v a le n c e  s ta te  in tro d u c in g  sa m p le  
inhom ogeneity . C a -d o p in g  in  p a r t ic u la r  h a s  c re a te d  m u c h  
interest in th e  s c ie n t i f le  c o m m u n i ty  a s  th is  d o p in g  tu rn s  
an o x y g e n  d e f i c i e n t  Y B C O  f r o m  i n s u l a t o r  t o  
su p e rc o n d u c to r . P a r t i a l  d o p in g  o f  C a^* f o r  Y^* in  
Y i-;rCajBa2C u 307  (Y i_ ,C a j t-1 2 3 )  s y s te m ,  r e d u c e s  th e  
optim um  (b u t u n s ta b le )  o x y g e n  s to ic h io m e try  fo r  h ig h e s t  
in Y B C O . T h e  c o n s e q u e n t  Tg re d u c t io n  h o w e v e r  is 
com pensated  in  p a r t  b y  th e  a d d i t io n a l  c h a rg e  c a r r ie r s  
in troduced b y  C a -d o p in g  [1 ] . B e s id e s  a c tin g  a s  th e  
supplier o f  c h a rg e  c a r r ie r s .  C a -d o p in g  d e c re a s e s  n o rm a l 
state re s is tiv ity  a n d  g ra in  s iz e ,  a n d  in c re a s e s  c r itic a l
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c u r re n t d e n s ity  o f  th e  sy s te m  12]. T h u s , th is  d o p in g  
p r o v i d e s  s t a b l e  s u p e r c o n d u c t i v i t y  in  Y B C O  
s u p e r c o n d u c t o r s  w i th  r e d u c e d  b u t  s t a b l e  o x y g e n  
s to ic h io m e try  e v e n  th o u g h  it  in t ro d u c e s  m ic ro s c o p ic  
in h o m o g e n e ity  in th e  f ra m e w o rk  o f  Y B C O  s tru c tu re . In  
th e  b u lk  g ra n u la r  c u p ra te s ,  th is  k in d  o f  in h o m o g e n e i ty  is  
m o s tly  c o n f in e d  to  th e  g ra in s . T h e  in te ig ra n u la r  J o s e p h s o n  
ju n c t io n s  h o w e v e r  in f lu e n c e  th e  g lo b a l  s u p e rc o n d u c t iv i ty  
in g ra n u la r  Y B C O  sa m p le . In  th is  re s p e c t ,  c o m p o s i te  
fo rm a tio n  o f  Y B C O  w ith  su c h  n o b le  m e ta ls  l ik e  A g , A u  
h a v e  b e e n  sh o w n  to  m o d ify  th e  w e a k  l in k  n e tw o rk s  a n d  
e n h a n c e  th e  c o n d u c tiv ity  a n d  c r it ic a l  c u r re n t  d e n s i ty  o f  
th e  sy s te m  w ith o u t a f fe c tin g  th e  su p e rc o n d u c tin g  tra n s itio n  
te m p e ra tu re  Tg [3 j.
A t  t h e  o n s e t  o f  t r a n s i t i o n  f r o m  n o r m a l  t o  
s u p e r c o n d u c t i n g  s t a t e ,  s i m u l t a n e o u s  c r e a t i o n  a n d  
d e s t r u c t io n  o f  c o o p e r  p a i r s  t a k e s  p la c e  l e a d in g  to  
f lu c tu a tio n  o f  su p e rc o n d u c tin g  o rd e r  p a ra m e te r . T h is  g iv e s  
r is e  to  an  e x c e s s  c o n d u c tiv i ty  c a lle d  p a ra c o n d u c tiv i ty  in
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th e  s u p e rc o n d u c tin g  o rd e r  p a ra m e te r  f lu c tu a tio n  (S C O P F ) 
re g io n . F a r  a b o v e  (w h e re  th e  d /V d T  v.v T  is
m a x im u m ), e x p e r im e n ts  can  be in te rp re te d  in te rm s  o f  
G a u ss ia n  f lu c tu a tio n  oi th e  o rd e r  p a ra m e te r  (4]. C lo se r  to  
c a re fu l s tu d ie s  o f  sp ec if ic  h ea t |5 ) ,  p e n e tra tio n  
d e p th  [6 ], a n d  e le c tr ic a l  c o n d u c tiv i ty  [7J a r e  n o w  
c o n s i s t e n t l y  r e v e a l i n g  e f f e c t s  o f  g e n u in e  c r i t i c a l  
f lu c tu a tio n s  fo r  t r a n s i t io n  b e lo n g in g  to  th e  3 D -X Y  
u n iv e rs a li ty  c la s s .  It h a s  b e e n  s h o w n  th a t  3 D -X Y  
th e rm o d y n a m ic s  is ro b u s t e v e n  u n d e r w e a k  to  m o d e ra te  
m a g n e tic  fie ld s  [7 ,8 1.
T h e  e x c e ss  c o n d u c tiv ity  h as  b een  see n  in c o n v e n tio n a l 
su p e rc o n d u c to rs  in a sm all te m p e ra tu re  ra n g e  a b o v e  
[9J. In c u p ra te s , th e  S C O P F  o c c u rs  o v e r  a  c o n s id e ra b le  
la rg e r te m p e ra tu re  ra n g e  b e c a u se  o f  th e ir  v e ry  sh o rt 
c o h e re n c e  len g th  - 1 0 - 1 2  A  w ith in  th e  la y e rs )  an d  
re la tiv e ly  la rg e  p e n e tra tio n  d ep th  (A  -1 0 0 0 - 2 0 0 0  A  in  th e  
lay e rs ) [10]. B a se d  on  A s la m a z o v  a n d  L a rk in  [11] a n d  
L a w re n c e  a n d  D o n ia c h  [12] th e o r ie s , a tte m p ts  h av e  b ee n  
m ad e  to  a sc e rta in  d im e n s io n a li ty  o f  th e  f lu c tu a tio n s  an d  
p ro b e  the  d im e n s io n a li ty  c ro s so v e r  w h e n  th e  sy s te m  
a p p ro a c h e s  the  3 D  s u p e rc o n d u c tin g  s ta te  fro m  2 D  n o rm a l 
s ta te . I t  is h o w e v e r  a  c o m p lic a te d  p ro c e s s  to  d e te rm in e  
th e  d im e n s io n a lity  o f  th e  o rd e r  p a ra m e te r  f lu c tu a tio n s  in 
c u p ra te  su p e rc o n d u c to rs , a s  th e  a d ja c e n t C u O i la y e rs  a re  
w e a k ly  c o u p le d . In b u lk  Y B C O  s u p e r c o n d u c to r  fo r  
e x a m p le , th is  c o u p lin g , w h e th e r  J o se p h so n  o r  p ro x im ity  
ty p e  is n o t c le a rly  k n o w n . T h e  sa m p le  in h o m o g e n e ity  in  
th e  fo rm  o f  b o th  in tr in s ic  a n d  e x tr in s ic  d e fe c ts  fu r th e r  
c o m p lic a te s  th e  s itu a tio n . G ra in  b o u n d a r ie s , v o id s  a n d  
c ra c k s , in s in te re d  sa m p le s  in p a r tic u la r , d e s tro y  th e  
su p e rc o n d u c tin g  o rd e r  p a ra m e te r , p h a se  c o h e re n c e  a n d  
i n f lu e n c e  th e  p a r a c o h e r e n t  r e g io n .  T h e  c r o s s o v e r  
te m p e ra tu re  fro m  o n e  re g io n  to  a n o th e r  in  p a r tic u la r  h as  
b ee n  sh o w n  to  d e p e n d  o n  th e  tra n s itio n  w id th , w h ic h  in 
tu rn  is  d ic ta te d  b y  in te r g r a n u la r  c o u p l in g  [1 3 ,1 4 ] .  
T h e re fo re , on  a  fu n d a m e n ta l lev e l, the  e x c e ss  c o n d u c tiv ity  
th a t a r ise s  d u e  to  S C O P F  in a  la rg e  te m p e ra tu re  re g io n  
a b o v e  Tc, is  in f lu e n c e d  b y  th e  w e ak  lin k s  a c ro s s  th e  
g ra in  b o u n d a r ie s  [15].
T h e  a p p lic a tio n  o f  m a g n e tic  f ie ld  in H T S C  re su lts  in 
p e n e tra tio n  o f  m a g n e tic  flu x  l in e s  in to  th e  m a te r ia l a n d  
re s is t iv e  tra n s itio n  sh if ts  to  lo w e r  te m p e ra tu re  s id e . T h e  
ta i l  p a r t  o f  th e  re s is t iv e  tra n s itio n  is  su g g e s tiv e  o f  th e  
w e a k  lin k s  b e tw e e n  th e  g ra in s  a n d  is e x tre m e ly  s e n s itiv e  
to  m a g n e t ic  f ie ld . T h e  f lu x  c re e p  a n d  f lu x  f lo w  m o d e l 
m a y  e s s e n tia l ly  h o ld  w e ll i f  th e  m a g n e tic  f lu x  e n te rs  in to
th e  m a te r ia l in th e  v o rte x  s ta te  b y  b e n d in g  d u e  to  the 
g ra in  b o u n d a ry  o r  b y  c ry s ta llo g ra p h ic  a n iso tro p y  [16]. 
T h e  m e ltin g  o f  th e  v o rte x  la ttic e  g iv e s  r is e  to  lo n g  ta il in 
th e  te m p e r a tu re  d e p e n d e n c e  o f  th e  r e s is t iv i ty  [17], 
A p p lic a tio n  o f  m a g n e tic  f ie ld  th u s  le a d s  to  th e  b ro a d en in g  
o f  re s is tiv e  tra n s itio n  re g io n  a n d  e n la rg e m e n t o f  the 
c r itic a l re g io n .
W ith in  th e  fra m e w o rk  o f  G in z b u rg -L a n d a u  m e a n  field 
a p p ro x im a tio n  [1 8 ], te m p e ra tu re  d e p e n d e n c e  o f  excess  
c o n d u c tiv ity  is  e x p re s se d  as  [19 ]
A a { T )  = l / p ( T )  -  U p d T ) ,  ( 1)
w h e re  p (T )  is th e  m e a su re d  e le c tr ic a l  re s is t iv ity  and 
P h(T )  is  th e  r e g u la r  r e s i s t iv i ty  o b ta in e d  b y  lin e a r  
e x tra p o la tio n  o f  th e  re s is tiv ity  d a ta  fro m  ro o m  tem p era tu re  
(R T ) to  T . , a s su m in g  th a t th e  re s is t iv ity  follow^s a 
l in e a r  te m p e ra tu re  d e p e n d e n c e  a t te m p e ra tu re s  w e ll above 
T h is  is a  v a lid  a s s u m p tio n  in th e  p re s e n t ca se . 
S in c e  c u p r a te  s u p e r c o n d u c to r s  p r e s e n t  a  lay e red  
s tru c tu re ,  d im e n s io n a l i ty  b e h a v io u r  o f  th e  flu c tu a tio n  
a p p e a rs  d e p e n d in g  o n  th e  re la t iv e  v a lu e s  o f  tem p era tu re - 
d e p e n d e n t-c o h e re n c e  le n g th  a lo n g  th e  c -a x is  ( ^ ) .  In the 
v ic in ity  o f  th e  c r itic a l te m p e ra tu re  (T  -  
lo n g itu d in a l  p a ra c o n d u c tiv ity  c a n  b e  p re s e n te d  in the 
g e n e ra l fo rm  as [15]
A c r (T )  = I \6 h d c { {  +  [ l^ ,. I d f  . (2)
w h e re  e  th e  re d u c e d  te m p e ra tu re  d e f in e d  a s  (T  -
^c-(fl) is th e  z e ro - te m p e ra tu re  c o h e re n c e  le n g th  along 
c -a x is  an d  d  is th e  e f fe c tiv e  s e p a ra tio n  o f  C U O 2 layers. 
In th e  v ic in ity  o f  , ^ { 7 )  »  d. S o  th e  e q . (2) is 
re d u c e d  to
( 4 a ) 3 D = [ ? 2 / 3 2 f i ^ , ( 0 ) ] f c - " ^ (3)
A g a in  fu r th e r  f ro m  , ^^(7) «  d  , e q , (2 ) re d u ces  to
( 4 ct) 2 d  =  . (4)
A c c o rd in g  to  th e  c la s s ic a l  A L  (A s la m a z o v  a n d  Larkin) 
th eo ry , A a  s h o w s  a  te m p e ra tu re  d e p e n d e n c e  o f  th e  form  
[11]
A c  -  A e ~ \  (5)
w h e re  X  is  th e  G a u ss ia n  c r it ic a l  e x p o n e n t,  th e  parameter 
A =  e ^ m n ^ Q )  w ith  X  =  0 .5  in  3 D , a n d  A  =  ^ / 16 f id  
w ith  X  = 1 .0  in  2 D . T h u s , X  in  th e  a b o v e  expression 
d e p e n d s  o n  th e  d im e n s io n  (D ) o f  th e  s y s te m  a n d  defines 
th e  d im e n s io n  o f  th e  s y s te m  a s  A =  2  -  D /2 .
Magnetic field induced excess conductivity in Y,.,Ca,Ba2Cu.i0 7 ^/Ag composite superconductors 805
T he d e te rm in a tio n  o f  A a  in v o lv e s  th e  d e te rm in a tio n  
of pR fo r te m p e ra tu re s  n e a r  b y  e x tra p o la t in g  th e  h ig h  
temperature b e h a v io u r  o f  yO as
Pr(T) =  a  +  {dp!dT)T, (6) 
where pa a n d  d p td T  a r e  t e m p e r a tu r e  i n d e p e n d e n t
parameters.
R ealizing  t h e  i m p o r t a n c e  o f  A g  in  m o d i f y in g  
granularity  c h a ra c te r is t ic s  o f  H T S C s  a n d  th e  im p o r ta n c e  
of the la tte r o n  th e  S C O P E  p a ra m e te r s ,  th e  p re se n t s tu d y  
aims to a n a ly z e  th e  e f fe c t  o f  m a g n e tic  f ie ld  in the  
SC'OPF region, p a r tic u la r ly  in  th e  c r it ic a l  r e g io n  in a set 
of Y| tC a ,-1 2 3 /A g  c o m p o s i te  s a m p le s .
2. Experimental
YngCao 1-123 s a m p le s  w e re  p re p a re d  f ro m  th e  c h e m ic a ls  
V%Oi, B aC O a, C a C O j a n d  C u O  b y  s ta n d a rd  so lid -s ta te  
reaction. F o r th e  p re p a ra tio n  o f  A g  c o m p o s i te  b u lk  s in te rs , 
Ag20 w as m ix e d  w ith  Y o ,9C ao i-123  p o w d e r  b e fo re  th e  
final .stage o f  s in te r in g . T h ro u g h ly  g ro u n d  Y o 9 C a o i- l2 3  
was m ixed  w ith  A g 2 0  w ith  a p p r o p r ia te  p ro p o r tio n s  to  
obtain (Yo.gCao |- 1 2 3 ) /A g  10  w t .%  c o m p o s i te s .  T h e  
sam ples w e re  p re s se d  in to  p e l le ts ,  a n n e a le d  a t 9 2 0 ”C  fo r  
12 hrs and  c o o le d  to  4 0 0 “C  w h e re  th e y  s ta y e d  fo r  12 h rs  
with oxygen  f lo w in g . T h e n  th e  s a m p le s  w e re  c o o le d  to  
room te m p e ra tu re  a t  a  r a te  o f  2 "C  m in * '. T h e  sa m p le s  
w ere c h a r a c t e r i z e d  b y  d - c  f o u r - p r o b e  r e s i s t i v i t y  
m easurem ent u s in g  a  c o m p u te r  c o n tro l le d  d a ta  a c q u is itio n  
system [20). T h e  te m p e r a tu re  d e p e n d e n t  re s is t iv ity  ( p  vs. 
T) data  w ere  ta k e n  b y  v a ry in g  m a g n e tic  f ie ld  in th e  
range from  0 - 1.1 k G . T h e  f ie ld  is  a p p lie d  in  p e rp e n d ic u la r  
direction to  th e  m e a s u r in g  c u r re n t .  T h e  d a ta  w e re  tak en  
during h e a tin g  tlic  s a m p le  to  ro o m  te m p e ra tu re .  T h e  
heating w as c o n f in e d  to  3  K  p e r  m in u te s .
3. Results and discussion
The phase  fo rm a tio n  a n d  q u a l i ty  o f  th e  s a m p le s  h a v e  
been rep o rted  in  o u r  p re v io u s  p u b l ic a t io n  in  w h ic h  X R D  
spectrum sh o w s th e  s e p a ra te  p e a k s  fo r  m e ta ll ic  A g  a n d  
SEM su p p o rts  th e  s e g r e g a t io n  o f  A g  a t  th e  g ra in  
boundaries o f  Y o.9C ao.i-123 g ra in s  121],
f ig u re  I s h o w s  th e  t e m p e r a tu r e  d e p e n d e n c e  o f  
resistivity ( p  vs T) b e h a v io u r  o f  th e  s a m p le  w ith  v a ry in g  
magnetic f ie ld  u p  to  1,1 k G  in  c o n s ta n t  m e a s u r in g  c u r re n t 
density o f  1 A  c m '^ .  T h e  p  v s  T  c h a ra c te r is t ic s  sh o w  a  
decrease o f  (R  =  Q), T c'^  (w h e re  th e  d p id T  vs T  is  
^iiaxiinum a s  s h o w n  in  F ig u r e  2 )  a n d  in c r e a s e  c f  
superconducting t ra n s it io n  w id th  (ATc) w ith  m a g n e tic  f ie ld .
T h e  ATc is th e  fu ll w id th  at h a lf  m a x im u m  (F W H M ) o f  
th e  p ea k  o f  d p Id T  vs T  p lo t (F ig u re  2).
2(yoo
% i i r e  I. Temperature dependent resistivity of Y i  jtCa»B02Cu:»O7 / A g  
composite bulk sample at diffeienl magnetic fields.
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Figure 2. Temperature den vale of resistivity of the sample near TV,
T h e  d e c re a se  o f  T,^) w ith  m a g n e tic  f ie ld  s u g g e s ts  th a t  
it a f fe c ts  g ra in  b o u n d a r ie s  (Jossephson ju n c t io n s )  m o re  
th an  th e  g ra in s  (A briko .sov  ju n c tio n .s ). I t  a ls o  le a d s  to  th e  
re s is tiv e  b ro a d e n in g  n e a r  th e  m ean  f ie ld  re g io n  in  p re se n c e  
o f  m a g n e tic  f ie ld , w h ic h  is  c le a r ly  e v id e n c e d  in  F ig u re  2 . 
T h e  in flu e n c e  o f  th e  m a g n e tic  fie ld  o n  th e  in te r -g ra n u la r  
c o u p lin g  is  d u e  to  th e rm a lly  a c tiv a te d  f lu x  c r e e p  o r  f lu x  
f lo w  b eh a v io r , w h ic h  a c c o u n ts  fo r  th e  in c re a s e  o f  ATc a t  
h ig h e r  m a g n e tic  fie ld . re p re s e n ts  a  lo w e r  l im it  fo r  
o b se rv in g  f lu c tu a tio n  re g im e s  in  n o rm a l p h a se . I t  c a n  
a lso  b e  a  g o o d  a p p ro x im a tio n  fo r  c r it ic a l  te m p e ra tu re  in  
s tu d ie s  o f  c o n d u c tiv ity  f lu c tu a tio n  in  th e  m e a n  f ie ld  
re g io n . A s m a g n e tic  f ie ld  in c re a se s , Tc”'^  a ls o  m o v e s  to  
lo w e r  te m p e ra tu re  s id e  d u e  to  re d u c tio n  o f  s u p e r c u ire n t  
w h ic h  is  e v id e n t  f ro m  F ig u re  2 . T h e  d is o rd e r in g  o f  
v o rtice s  in  th e  afr-p lan e  o f  th e  la y e re d  s tru c tu re  o f  Y B C O , 
d u e  to  th e rm a l f lu c tu a tio n s , re d u c e s  th e  s u p e rc u ire n t  [2 2 ].
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F ig u re  3 sh o w s the  p lo t of In Ao" In f  in ab sen ce  
o f  m agnetic  fie ld  w ith  ex p o n e n t = 0 .4 7  at the h igher
Figure 3. 'Hic plot of In Aa vs. In c at magnetic field // = 0 Gauss.
tem p era tu re  side. A s =  0 .5  [eq. (3)] in d ica tes  a  3D  
b eh a v io r o f  the  o rd e r p a ram e te r  flu c tu a tio n  |231, w e 
a ttrib u te  th is reg ion  w ith  A^o =  0 .47  to  3D  G au ss ian  
f lu c tu a tio n . D e c re a s in g  th e  te m p e ra tu re  fu r th e r , w e 
ob serv ed  a  c ro ss  o v e r from  the  3D  G a u ss ia n  to  the  
p o w e r law  reg im e  ch a rac te rize d  by a sm all ex p o n e n t
=  0 .27 . T h is  in d ica tes  the b reak d o w n  o f  m ean  f ie ld  
desc rip tio n  fo r flu c tu a tio n  o f  c o n d u c tiv ity  in o u r sam ple .
F igu res 4, 5 and  6 sh o w  the v a ria tio n  o f  In A ct w ith 
In e  in d iffe ren t m ag n e tic  fie ld  ra n g in g  fro m  565 G  to  
1.1 kG  respectively . B o th  the 3D  an d  g en u in e  critica l 
flu c tu a tio n  reg im e  w ith  e x p o n e n ts  A30 an d  a re  still 
p re sen t. B u t A30 d ec reases  fro m  0 .4 7  to  0 .3 0  and  
d ec reases from  0 .27  to  0 .1 9  w ith  in c rease  o f  m ag n e tic  
fie ld  from  0  to  1.1 kG . In ad d itio n  to these  re g io n s , w e 
o b serv e  a n o th e r  narrow  reg im e  in p re sen ce  o f  m ag n e tic
-8.5
-7 - 6 - 5 - 4  -3 -2
Ine
Figure 4. The plot of in Acr vs In e at magnetic field H = 565 Gauss.
Ine
Figure 5. I ’he plot of In Aa vs. In e at magnetic field H = 830 Gauss
Figure 6. The plot of In Aa vs In e at magnetic field // = l.I k Gauss
f ie ld  w h ere  the  e x p o n e n t Act^ ^^  d ec rea ses  fro m  0.11 to
0 .0 7 6  w ith  in c re as in g  m ag n e tic  fie ld  fro m  565  G  to 1.1 
kG . A  s im ila r  re su lt has b een  fo u n d  in Y B C O  single 
c ry s ta ls  [24] and  in th in  film s o f  Y B C O /A u  com posites 
[25 j.
T h e  c ritica l e x p o n e n t fo r  f lu c tu a tio n  o f  conductiv ity  
is g iven  by [26]
>l =  V (2  +  Z  -  D  +  7 ), (7)
w h e re  v  is the  c o h e re n c e  len g th  c ritica l ex p o n e n t, Z  is 
the  d y n am ica l ex p o n e n t, 7] is th e  e x p o n e n t fo r  the order 
p a ra m e te r  co rre la tio n  fu n c tio n . R e n o rm a liz a tio n  group 
ca lc u la tio n s  fo r  3 D -X Y  m o d el g iv es  v  =  0 .67  and  = 0 
[27]. F urther, the  m o d e l-E  th eo ry  d ev e lo p e d  by  H ohenberg 
an d  H a lp e rin  [28] fo r  su p e rflu id  tra n s itio n  p re d ic ts  that Z 
=  3 /2 . T h is  y ie ld s  a  c r itica l e x p o n e n t =  0 .33 for 
flu c tu a tio n  co n d u c tiv ity . T h e  th e o re tic a l p re d ic tio n  o f  this 
v a lu e  is c lo se  to  o u r  e x p e rim e n ta lly  d e te rm in e d  critical 
ex p o n e n t . T h is  sca lin g  is th e re fo re  an  ind ication  of 
g en u in e  c ritica l f lu c tu a tio n .
T h e  a d d itio n a l re g im e  c h a ra c te r iz e d  b y  the  small 
e x p o n e n t AeP"  ^ is  o b se rv e d  b ey o n d  3 D  X Y -E  scaling
ilJJ H
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recim e, c o r re s p o n d in g  to  th e  e x p o n e n ts  v a ry in g  fro m  
0.11 to  0 .0 7 6  w ith  in c re a s e  o f  m a g n e tic  f ie ld  fro m  565  
G to 1.1 kO. T h is  re g im e , w h ic h  a p p e a rs  in  th e  p re se n c e  
of m ag n etic  f ie ld ,  m a y  b e  a s s o c ia te d  w ith  a  w e a k ly  first- 
order s u p e r c o n d u c t in g  t r a n s i t io n  s t i l l  c lo s e r  to  T."’' 
ind icating  th e  c ro s s  o v e r  to  type-1  b e h a v io u r . T h is  re g im e  
can be in te rp re te d  o n  th e  b a s is  o f  s c a lin g  a n a ly s is  fo r  a 
first o rd e r  tra n s it io n  [24J. T h is  a n a ly s is  p re d ic ts  the 
co h e ren c e -len g th  c r it ic a l  e x p o n e n t  v =  l/D, w h ic h , fo r  D  
= .3, w o u ld  c o r re s p o n d s  to  a p p ro x im a te ly  o n e -h a lf  o f  its 
value fo r th e  3 D -X Y  m o d e l. T h e n ,  k e e p in g  th e  3 D  X Y - 
va lues fo r  z  a n d  Tf in  e q . (7 ) ,  A  =  0 .1 6 , w h ic h  is  in 
agreement w ith  th e  e x p e r im e n ta l  v a lu e  fo r  o b se rv e d  
in o u r ca.se.
T h e  e x p o n e n ts  c h a r a c te r iz in g  d i f f e r e n t  f lu c tu a tio n  
regimes d e c re a s e  w ith  in c re a s e  o f  m a g n e tic  f ie ld  (T ab le  
1). T h e  lo w e r  v a lu e s  o f  e x p o n e n ts  in  h ig h e r  m a g n e tic
lable 1. Characteristics of Yj_:»Ca;,Ba2Cu307-v wi.% ix = O.l) 
superconductors in the SCOPF region.
field
(Ciaubs) (K)
AT,
(K)
m
(A)
0 83 35 1 0.45 0.27 - 3.00
56.^ 81.75 1,5 0.38 0.23 0.11 2.92
S30 80.65 1.6 0.35 0.21 0.10 2.83
IJOO 80.5 2.5 0.30 0.19 0.076 2 82
field are p ro b a b ly  d u e  to  th e  fa c t th a t  c r itic a l l lu c tu a tio n  
dom inates a t h ig h e r  m a g n e t ic  f ie ld . It c a n  b e  c le a r ly  seen  
that the s u p e rc o n d u c t in g  p h a s e  is su p p re s s e d  to  lo w e r  
tem peratu re  w ith  in c re a s in g  m a g n e t ic  f ie ld  (F ig u re  1). In 
addition, th e  m a g n e t ic  f ie ld  w e a k e n s  th e  in te rg ra n u la r  
Josephson ju n c t io n s ,  w h ic h  is re s p o n s ib le  fo r  in c re a s in g  
AT,, T he  in c re a se  in  AT^ h a s  b e e n  sh o w n  to  in f lu e n c e  th e  
various cr itica l re g io n s  a n d  th e  3 D  f lu c tu a tio n  c o n d u c tiv ity  
fl^>J as is e v id e n c e d  in  o u r  c a se .
U sing th e  e x p re s s io n  f o r  G in z b e rg  n u m b e r  Eq =  (T g 
, w h e re  T c  is  th e  l im it  o f  th e  G L  (G in z b e rg -  
Landau) th eo ry , w e  h a v e  e s t im a te d  th e  G L  n u m b e r  to  be 
0,065 fo r  o u r  sy s te m . G L  c o h e re n c e  le n g th , is c a lc u la te d  
from the re la tio n  [2 9 ]
^  [^0)YCBCO/^0)YBCOJ4  ^ (g)
where ZcVbco «  0 .0 0 3 8  [7 ] , ^ O j^ B c o  =  6 .1  A  [3 0 ]. T h is  
relation g iv es  u s  th e  G L  c o h e re n c e  le n g th  ^  (0 )  in  o u r  
system  fo r d i f f e r e n t  m a g n e t ic  f ie ld s  (T a b le  1). T h e  
estim ated v a lu e  is  s ig n i f ic a n t ly  lo w e r  th a n  th e  re p o rte d  
value for a  g ra in  a l ig n e d  Y B C O . L o w e r  v a lu e  o f  th e  G L  
coherence le n g th  s u g g e s ts  th a t  a p p l ic a tio n  o f  m a g n e tic
fie ld  re d u c e s  th e  c o u p lin g  s tre n g th  o f  th e  s u p e rc o n d u c tin g  
g ra in s  an d  in c re a se s  th e  g ra n u la r i ty  c h a ra c te r  o f  th e  
sa m p le . T h is  a g re e s  w ith  th e  re p o rt  o f  V ie ira  et a l  (29J.
4. Conclusion
T e m p e ra tu re  d e p e n d e n t e le c tr ic a l  re s is t iv ity  s tu d y  in a  se t 
o f  Y | »Ca,,Ba2C u j0 7 „ y A g  c o m p o s ite  b u lk  s a m p le s  h a s  
re v e a le d  th e  p ro fo u n d  in f iu e n c e  o f  th e  m a g n e tic  fie ld  o n  
'th e  s u p e rc o n d u c tin g  o rd e r  p a ra m e te r  f lu c tu a tio n  a ro u n d  
ithe  tra n s itio n  te m p e ra tu re . W h e n  th e  su p e rc o n d u c tin g  s ta le  
:is a p p ro a c h e d  fro m  ab o v e , w e  f irs t  o b s e rv e d  a  3 D  
p a u s s i a n  f lu c tu a tio n  re g im e . B e llo w  th is  r e g im e  a  fu ll 
id y n am ic  3 D -X Y  f lu c tu a tio n  re g im e  w ith  e x p o n e n t 
’4s c le a rly  id e n tif ie d . In  th e  p re s e n c e  o f  m a g n e tic  f ie ld  
w h e n  w e a p p ro a c h  fu r th e r  to w a rd s  7^"* ,^ a  n e w  s c a lin g  
re g im e  is o b se rv e d  w ith in  th e  c r itica l re g io n  c o r re sp o n d in g  
to  a  p o w e r  law  w ith  a  s m a lle r  e x p o n e n t T h is  g iv e s  
th e  c o n c e p t  o f  a  w e a k ly  f i r s t  o r d e r  n o r m a l  to  
s u p e rc o n d u c tin g  tra n s it io n . T h e  G L  c o h e re n c e  le n g th  
e s tim a te d  in the  C a -d o p e d  Y B C O /A g  c o m p o s i te  sy s te m  
d e c re a se s  w ith  in c re a se  o f  m a g n e tic  f ie ld  s u g g e s tin g  th e  
re d u c tio n  o f  c o u p lin g  s tre n g th  o f  th e  s u p e rc o n d u c t in g  
g ra in s  an d  in c re a se  o f  g ra n u la r i ty  c h a ra c te r  o f  th e  s a m p le  
a t h ig h e r  m a g n e tic  f ie ld s .
Acknowledgments
T h e  a u th o rs  g ra te fu lly  a c k n o w le d g e  fin a n c ia l su p p o r t  fro m  
th e  U n iv e rs ity  G ra n ts  C o m m iss io n  (U G C ) , N e w  D e lh i , 
In d ia . O n e  o f  th e  a u th o rs  (U K M ) w o u ld  lik e  to  th a n k  
C o u n c il o f  S c ie n tif ic  a n d  In d u s tr ia l  R e s e a rc h  (C S IR ) , 
G o v e rn m e n t o f  In d ia , fo r  th e  fe llo w s h ip  (N o . 9 /1 7 3  
(106)/200I/E M R ).
References
11 j J T Kucera and J C Bravman Phys. Rev. B51 8582 (1995)
121 A Schmchl, B Gociz, R R Schulz, C W Schneider, H Viclefcldl, H 
Hilgenkamp and J Mannhart Euro. Phys. l£(t. 47 110 (1999)
[31 D Bchcra, K Patnaik and N C Mishra J. Superconductivity 11 641 
(1998)
[4J J W Loram, J R Cooper, J M Wheatley, K A Mirza and R S Liu Phil. 
Mag. B65 1405 (1992)
[51 N Overend, M A Howson and 1 D Lawrie Phys. Rev. Ijett. 72 3238 
(1994)
[6| S Kamal, D A Bonn, N Goldcnfcld, P J Harrisfcld, R Liang and W 
N Hardy Phys. Rev. Utt. 73 1845 (1994)
[7] P Pureur, R M Cosia, P Rodrigues (Jr), J Schaf and J V Kunzler 
Phys. Rev, B47 11420(1993)
[81 S W Pierson, T M Kotana, Z Tcsanovic and O T Vails Phys, Rev, 
B53 8638 (1996)
[9] J Maza and F Vidal Phys. Rev, B43 10560 (1991)
808 D Behera, U K Mohapatra and N C Mishra
(10] Z H Wang Mod. Phys. Utt. BIO 1027 (1996)
[111 1- G Aslama/ov and A I Larkin Fiz- Tverd. Tela 10 1104 (1968); 
Sov. Phys. Sni State 10 875 (1968)
112) J Lawrence and S Doniach in Proc, 12 th Conf. lA/w-Temp. Phys. 
(Kyotom) (cd.) H Kanda (Ibkyo, Keigaku) p36J (1970)
1131 A K Ghosh, S K Bandyopadhyay, P Barat, Pmlo Sen and A N Basu 
Solid State Commun. 104 211 (1997)
(14] Tamalika Banerjee, Ravi Kumar, D Kanjilal and S Ramasamy
/VmiVtfC341-3481185{2(K)0)
|15| D K Aswal, Ajay Singh, Shaswati Sen, Manmect Kaur, C S 
Vis wandhum, G L Goswami and S K Gupta /  of Phys. Chem. Solids 
63 1797 (2(K)2)
[16| Y Koikc, M Masu/.awa, H Sunagawa, T Noji, H Kawabe and N 
Kobayashi Jpn. J. AppL Phys. 29 L408 (1990)
(17) LI Glaynian and A H Koshelev Rev. B43 2835 (1991)
(181 Y L Gin/berg and L D Landau Z/i, Eksperimi Tear. Fiz. 20 1064 
(1950)
119] Z H Wang Physica C306 875 (1998)
(201 D Behera, K Palnaik and N C Mishra Mod. Phys. Lett. B15 69 (2(K)i) 
[211 D Bchcra, S K Dash and N C Mishra Phys. Lett. A300 529 (2(XJ2)
(221 A S Nygmatulin, A A Varlamov, D V Livanov, G Balestrino and h 
Milani Phys. Rev. B53 3557 (1996)
[231 P Rodrigues (Jr), L Ghivclder, P Pureur and S Reich Phyuca C2li 
13(1993)
124J R M Costa, P Pureur, M Gusmao, S Senoussi and K Bdmia 
Supercond. Sci Technol. 113 23 (2000)
[251 E 3 Cukauskas and L H Allen J. Appl. Phys. 84 6187 (1998)
126] C J Lobb Phys. Rev. B36 3930 (1987)
1271 J C Le Guillou and J Zinn-Justin Phys. Rev. B21 3976 (1980)
(28] P C Hohenberg and B I Halpcrin Rev. Mod. Phys. 49 435 (1977)
(29] V N Vieira, P Pureur and J Schaf Physica C353 241 (2001)
(30] W C Lee, R A Klemm and D C Johnston Phys. Rev. Lett. 63 1012 
(1989)
